We developed a copper/tungsten (Cu/W) composite for mesoscale Materials Science applications using the novel High-Energy Diffraction Microscopy (HEDM) technique. Argon-atomized copper powder was selected as the starting raw powder and screened to remove the extremely large particle fraction. Tungsten particles were collected by milling and screening the -325 mesh tungsten powder between 500 and 635 mesh sieves. Hot pressing of screened Cu powder was performed at 900°C in Ar/4 %H 2 atmosphere. XRD and ICP results show that the hot-pressed Cu sample consists of about 5 vol% Cu 2 O, which is caused by the presence of oxygen on the surface of the starting Cu powder. Hot pressing the copper powder in a pure hydrogen atmosphere was successful in removing most of the surface oxygen. This process was also implemented for hot pressing the Cu/W composite. The density of the Cu/W composites hot pressed at 950°C in pure hydrogen was about 94 % of the theoretical density (TD). The hot-pressed Cu/W composites were further hot isostatic pressed at 1050°C in argon atmosphere, which results in 99.6 % of the TD with the designed Cu grain size and W particle distribution. Tensile specimens with D-notch were machined using the wire EDM method. The processing and consolidation of these materials will be discussed in detail. The HEDM images are also showed and discussed.
Introduction local stress mapping [3] . HEDM allows the observation of void/crack initiation, growth, and coalescence at the mesoscale, which is critical to advance our knowledge of the failure mechanisms of structural materials.
High-energy synchrotron sources provide a unique blend of high brilliance, high-energy ([50 keV) radiation that enables nondestructive evaluation of microstructures and micromechanical states (penetration depths on the order of millimeters) in bulk engineering materials. These techniques consist of probing a sample with monochromatic X-rays, while the sample is continuously rotated and images of diffracted beams are collected on area detectors in transmission geometry over discrete angular intervals [4] HEDM is alternately referred to as three-dimensional X-ray Diffraction microscopy (3DXRD). The samples developed in this work will be used to follow the volumetric deformation through time, i.e., in four dimensions (4D).
Polycrystalline materials exhibit heterogeneous behavior when subjected to external loading conditions. Initial microstructure plays a significant role in contributing to this heterogeneous response. In order to develop a predictive model that can capture this heterogeneity, carefully designed model and measured experimental data are required. In order to achieve these goals, we have started with controlling the processing conditions, which are known to have a significant effect on the final as-processed microstructures. In this work, polycrystalline copper/tungsten (Cu/W) has been selected as the model material. W is nearly insoluble in Cu, so these composites are advantageous for having very well-defined boundaries between phases. Since HEDM has a penetrance of only about 1 mm for copper, the observed section of the tensile specimen will have a maximum size of 1 mm. Also, in order to minimize the scanning time and promote damage, a D-notch was introduced to promote stress concentration within the gauged section. Observing the process of void/crack initiation requires a sufficient number of grains in order to be statistically meaningful. Given HEDM's resolution of 1-5 lm and a sample thickness of 1 mm, the grain size should be around 50 lm. This will allow for approximately 20 grains to be analyzed throughout the thickness of the sample. For Cu/W, the hard W islands will act as stress concentrators, controlling damage initiation. Since W has a higher opacity to the X-ray compared with Cu, the amount of tungsten particles is limited to only 10 vol% for the Cu/W composite. The desired W particle size is about 12 lm because it is larger than the resolution of the HEDM and it provides sufficient number of particles among the copper grains.
Cu/W cannot be produced by the method of casting followed by rolling and annealing because W tends to aggregate together making it possible to break the W particles into smaller sizes during rolling. For Cu/W with only about 10 vol% of W (Cu/ 10 %W), conventional molten copper infiltration into a tungsten pre-form is not possible because 10 % of tungsten cannot form the pre-form. Hence, Cu/ 10 %W can only be produced by a powder metallurgy method. Furthermore, powder metallurgy can provide a more uniform grain size distribution and less-exaggerated grain growth, which is preferred for both 3D measurements as well as in integrating measured data for damage modeling and simulations. We will start with atomized copper powder and achieve a fully dense Cu/10 %W structure using hot pressing and hot isostatic pressing (HIP) [5] [6] [7] [8] .
Experimental procedures Sample preparation
The copper powders used were argon-atomized powders with ultrahigh purity purchased from AcuPowder (Grade 630, Union, NJ, USA). To screen out the extremely large Cu particles, a 270-mesh copper sieve was used in conjunction with a copper receiving pan. A vibration table with a medium vibration power was used to screen the atomized Cu powders. Each time, about 100 g of as-received atomized Cu powder was loaded on the 270 mesh sieve followed by slowly increasing the vibration table to the medium power. Each vibration step was maintained at 3 min duration. After the vibration screening, the screened powders on the receiving pan (-270 mesh) were collected. The process was continued until the desired quantity of -270-mesh powders was achieved. The -270-mesh copper powder will be designated as ''S-Cu powder.'' For making 12 lm tungsten powder, a -325-mesh tungsten powder was purchased from Sigma Aldrich (St. Louis, MO, USA). The as-received -325-mesh tungsten powder was screened through a 500-and 635-mesh stainless steel sieve combination using the J Mater Sci (2017) 52:1172-1182 vibration table. Any W powder that passed through 500 mesh and did not pass the 635 mesh (-500/?635) was the desired W product. Any size that passed through 635 mesh (-635 mesh) was rejected. Any size that did not pass through 500 mesh (?500 mesh) was recovered and loaded into a high-density polyethylene (HDPE) bottle loaded with high-purity zirconia grinding media to further reduce the particle size using a dry ball-milling process. The dry ball milling on ?500 mesh W particles was performed for about 1 h at 100 rpm, and the milled W powders will go through the screening process again to collect -500/?635 tungsten powder. This process was repeated several times until sufficient -500/?635 tungsten powder is achieved. The -500/?635 tungsten powder will be designated as S-W powder.
For making the Cu/W composite, 90 vol% S-Cu powder and 10 vol% S-W powders were weighed separately. Both powders were then loaded into a one gallon HDPE container loaded with high-purity zirconia grinding media and blended for about 2 h using a slow speed (20 rpm). The blended Cu/ 10 %W mixture is designated as Cu/10 %W powder.
Hot pressing, hot isostatic pressing, and hydrogen reduction Both the S-Cu powder or the Cu/10 %W powders (about 1.2 kg) were loaded into a square graphite die with a cavity opening of 8.3 9 8.3 cm 2 for hot pressing using a furnace with graphite resistance heating elements (Thermal Tech Corporation, Santa Rosa, CA). The heating rate for the hot pressing was maintained at 635°C/h from room temperature to 850°C followed by a 300°C/h heat rate from 850°C to the peak temperatures with a 2-h soak. The peak temperatures were 900 and 950°C for S-Cu and Cu/ 10 %W, respectively. The cooling rate was maintained at 635°C/h from the peak temperature to 400°C. The furnace was turned off when it reached 400°C. The hot pressing atmospheres were either Ar/4 %H 2 or 100 %H 2 . The hot-pressed S-Cu and Cu/10 %W plates were surface ground using a silicon carbide sand belt to remove the surface graphite and to achieve a thickness of about 2.5 cm. The densities of the surface ground plates were measured for a small piece of the hot-pressed plate using the Archimedes' method. The surface ground hot-pressed plates were further densified using HIP in argon (AIP Corporation, Columbus, OH). The heating rate for the HIP was maintained at 635°C/h from room temperature to 950°C followed by a 300°C/h heat rate from 950°C to peak temperatures with a 2-h soak. The peak temperatures were 1000 and 1050°C for S-Cu and Cu/10 %W, respectively. A 200 MPa argon pressure was slowly increased from room temperature to the peak temperature. The 200 MPa argon pressure was maintained during the 2-h soak period. At the end of the soak period, the argon pressure was slowly released to maintain a small positive argon atmosphere to protect the graphite heating elements during cooling. The cooling rate was maintained at 635°C/h from the peak temperature to 400°C. The furnace was turned off when it reached 400°C. The densities of the HIPped plates were measured from a small piece cut off from the large plate using the Archimedes' method.
For pure hydrogen reduction of S-Cu powder, about 10 g of S-Cu powder was loaded into a highpurity Al 2 O 3 boat (50.8 mm in length) (CoorsTek, Golden, CO, USA). The Al 2 O 3 boat with S-Cu powder was loaded into a tube furnace (Model: H14HT, MHI Inc, Cincinnati, OH, USA) under a flow of pure hydrogen. The exit port of the mullite tube has a burning flame to burn out the excess amount of hydrogen. The heating and cooling rates were maintained at 200°C/h. The soaking time at the peak temperature is 2 h. For hot pressing in pure hydrogen, the chamber of the furnace with the graphite resistance heating element is first evacuated under vacuum followed by purging with pure hydrogen. The exit port of the hot press is also equipped with a burning flame to burn out the excess amount of hydrogen. The heating rate for the hot pressing was maintained at 600°C/h from room temperature to 850°C followed by a 300°C/h heat rate from 850°C to the peak temperatures with 2-h soak. The peak temperatures are 900 and 950°C for S-Cu and Cu/ 10 %W, respectively.
Microstructural characterization and tensile testing
A piece of graphite tape was applied on top of a scanning electron microscope (SEM) stud. This SEM stud with graphite tape was then gently pressed onto the loose copper or tungsten powders with the graphite tape facing the copper powders. The stud with the copper or tungsten powders on the graphite tape was then gently tapped to shake out the loose powders. Since copper, tungsten and graphite tape are all conductors, no conductive coating was needed. The stud with copper or tungsten powders was then examined using a FEI (Hillsboro, Oregon, USA) environmental scanning electron microscope (ESEM) model XL-30. Phase identification of the calcined powders was characterized by X-ray diffraction (XRD, Philips X'Pert, Almelo, the Netherlands) using CuKa radiation (k = 0.1242 nm) at 40 kV and 40 mA in standard Bragg-Brentano geometry. The XRD patterns were recorded in the 2 h range of 10°-140°. The diffraction data were analyzed by Rietveld refinement techniques using General Structure Analysis System (GSAS) software [9] .
Both HIPped S-Cu and Cu/10 %W plates were cut using a wire electric discharge machine (EDM). Small samples were mounted in an Epon 812C epoxy. Polishing was performed using a multistep process on a Struers (Westlake, OH, USA) semiautomatic polisher. All of the mounted samples were rough ground using a 200 grit silicon carbide grinding paper followed by 320, 400, 635, 800, and 1200 SiC papers. The final polishing was for 8 min using 3 and 1 lm Al 2 O 3 powders, respectively, with 10 N force followed by a chemical etching to remove any residual damage layer. The polished samples were examined using SEM. To prevent charging in the SEM, the polished sample was coated with a very thin layer of gold for SEM microstructural and electron backscatter diffraction (EBSD) examination. The settings on the ESEM were 20 kV beam, spot size 4, 50 lm aperture, and a working distance of 18 mm. The scan size was 200 9 350 mm with a step size of 0.2 lm. The EBSD camera was set to 2 9 2 binning, and Hough parameters were set for a maximum peak count of 12, minimum peak count of 8, and minimum peak distance of 10. Using the above listed parameters, scans were performed in the center region of each sample. Orientation image microscopy (OIM) (TSL corporation, Kanagawa, Japan) analysis was used to analyze the scan data for each sample.
Tensile specimens were machined from the HIPped S-Cu and Cu/10 %W plates using the wire EDM with a D-notch. The as-wire-EDM specimens were also heat treated in Argon at 600°C to relieve any surface machining damage. Figure 1a shows the picture of the heat treated tensile specimen and Fig. 1b shows the dimensions of the tensile specimen. Figure 1c shows the tensile test that was performed on a MTS machine (Eden Prairie, MN) with a cross head speed of 0.1 mm/min. 
Impurity analysis
Metallic impurities were measured from the S-Cu powders using an inductive coupled plasma-mass spec (ICP-MS) (Agilent Model 7500ce, Palo Alto, CA, USA) analysis. For ICP-MS analysis, the S-Cu powders were prepared with 0.05 g weighed portions mixed with 1 mL hydrofluoric acid, 3 mL nitric acid, and 1 mL hydrochloric acid. The 'powder/acid' solution or S-Cu powders were digested using microwaves. After the dissolved solution was cooled, internal standard solution was added and the final solution was diluted with water to produce 100 g solutions for the ICP-MS instrument to determine the metallic impurities. Oxygen and nitrogen impurities were performed using a LECO (St. Joseph, MI) oxygen determinator (model TC-500C). Carbon and sulfur contents were measured using a LECO carbon/sulfur determinator (model CS844). Hydrogen contents were also measured using a LECO hydrogen determinator (model DH603).
High-Energy Diffraction Microscopy (HEDM)
The HEDM experiment was conducted at the Cornell High-Energy Synchrotron Source (CHESS) of Cornell University using an X-ray energy of 61.332 keV. The three X-ray techniques that have been integrated are referred to as far-field HEDM (ff-HEDM) [10] , nearfield HEDM (nf-HEDM) [11] , and absorption microcomputed tomography (l-CT) [12] . These techniques result in correlated data that (1) quantify an average elastic strain tensor (stress tensor with known elastic stiffness matrix) for each grain, (2) map the structure and local crystallographic orientation within and between grains, and (3) permit observation of the structure of voids, cracks, and second phase inclusions, respectively. In each case, raw data consists of images of diffracted or transmitted X-ray beams collected on area detectors placed at different working distances while the specimen is rotated and irradiated with a monochromatic X-ray beam. The concurrent application of l-CT, ff-HEDM, and nf-HEDM during loading requires rotation of a sample undergoing tensile and/or compressive loading within the grips of a mechanical testing system without obstructing the X-ray signal or operation of the X-ray detectors. Rotation of the specimen during uniaxial loading is achieved through a servomotor, gear reducer, preloaded linear ball spline, and two timing belts.
Results and discussion
Screened atomized copper powders Figure 2a shows the SEM micrograph of the raw argon-atomized sprayed copper (Cu) powder. From this micrograph, it can be estimated that this Cu powder has a spherical morphology and particle sizes ranging from 10 to 40 lm with an average particle size of about 30 lm. The spherical morphology and uniform particle distribution should be beneficial to the powder compaction and densification [13] . However, Fig. 2a also shows that there is a population of Cu particles that range from 50 to Figure 2 a SEM micrographs showing the morphology and size of the as-received atomized copper powders that has a spherical morphology but seems to have a large fraction of large particles, b SEM micrographs showing the morphology and size of the screened -270-mesh Cu powder showing smaller particle size with a narrower particle size distribution without any extremely large particles. population. It is well established that any large particles will result in large grains and could further grow by exaggerated grain growth during densification. In order to achieve a better uniformity of the grain size distribution and minimize the chance of exaggerated grain growth, it would be beneficial to screen out the large particles. As described in the experimental section, a 270-mesh sieve, which has a 50 lm opening, was used to screen the raw Cu powders. Figure 2b is the SEM micrographs showing Cu powder after screening through a 270-mesh sieve (-270 mesh). As can be seen from this micrograph, the -270-mesh powder has a narrower particle size distribution with a smaller average particle size. Most importantly, all of the extremely large Cu particles were removed. Since all of the large particles on the order of 50 lm and higher were screened out, the potential of exaggerated grain growth was minimized. The screened Cu powder (-270 mesh) will be designated as S-Cu (screened copper powder).
The metallic impurities were analyzed on S-Cu powder using the ICP-MS method. Table 1 shows the amount of metallic impurities. As indicated in this table, the metallic impurities are all very low, which agrees quite well with the high-purity atomized copper and is excellent for this work. These results also ensure that no other second phase could form with the second metallic compound, which is critical to the HEDM in situ testing and post analysis.
Hot pressing of screened copper powder
Hot pressing of S-Cu powder was first performed in ''Ar with 4 %H 2 '' (Ar/4 %H 2 ) gas. The hot pressing was performed at 900°C for 2 h to a high density (*94 % TD) with closed pores and without any significant grain growth. S-Cu powder and the hotpressed plate were measured for their nonmetallic impurity contents including carbon (C), hydrogen, (H), oxygen (O), nitrogen (N) and sulfur (S). The results are listed in Table 2 for comparison. As seen from this table, the amount of carbon, hydrogen, and sulfur are negligible for S-Cu powder and the hotpressed plate. The nitrogen content is also very low. The results indicate that the problem of nonmetallic impurities can be ignored. In contrast, the S-Cu had a very high oxygen content of 4100 ppm (4.1 wt%). Although hot pressing in Ar/6 %H 2 reduced the oxygen content to 3300 ppm, this level of oxygen is still quite high and will form a second-phase copper oxide such as Cu 2 O 3 , CuO, or Cu 2 O. As indicated in Fig. 3 3 . The density of hotpressed plate was measured at 8.31 g/cm 3 , which corresponds to 94.5 % TD. Since Cu 2 O is the second phase and the amount of oxygen was measured (see Table 2 ), the volume fraction of Cu 2 O can be calculated as 5 vol% in the hot-pressed plate. It is well established that the pores within any consolidated part with density higher than 92 % TD should be closed pores. These hot-pressed densities demonstrate that the S-Cu can be hot pressed at Figure 3 The X-ray diffraction patterns of the copper plate hot pressed in Ar/4 %H 2 using S-Cu powder show about 5 % of Cu 2 O as the second phase.
900°C to achieve a closed pored structure for a canless HIP.
Cu 2 O removal using pure hydrogen
The S-Cu powders were heat treated in pure hydrogen at various temperatures to study the effect of temperature on the removal of oxygen. Table 3 shows the oxygen content after heat treatment at 600, 750 and 900°C. As this table shows, the oxygen reduction starts slowly at 600°C. The total oxygen content was only reduced from 4100 to 2200 ppm after heat treating in pure hydrogen at 600°C. As shown in Table 3 , the oxygen reduction seems to be accelerated when the temperature reaches 750°C and the total oxygen is significantly reduced to 300 ppm. This is a significant reduction of the total oxygen content. The thermodynamic reduction of oxygen seems to be leveled off when the temperature is further heated to above 750°C. The total oxygen content remains at about 250 ppm when the heat treatment temperature is increased to 900°C as shown in Table 3 . This pure hydrogen reduction heat treatment indicates that the high oxygen content in the starting raw Cu powder can be reduced to a negligible level after heat treating to 900°C or higher in pure hydrogen. To eliminate the amount (5 vol%) of copper oxide during hot pressing, another hot pressing in pure hydrogen was performed using the same hot pressing temperature profile and the same peak temperature (900°C). The ICP-MS results from the hot-pressed Cu plate shows that the starting oxygen was reduced from 4400 to 250 ppm after hot pressing in pure hydrogen. It is clear that pure hydrogen has removed most of the oxygen from the S-Cu powders during the hot pressing. It is believed that majority of the oxygen was removed at about 750°C when most of the S-Cu powders are still in a porous state before the peak temperature (900°C) was reached and before any significant densification occurred. The density of the hot-pressed plate was measured at 8.49 g/cm 3 using
Archimedes' method, which is about 95 % TD. The hot-pressed plate was further HIPped at 1000°C to eliminate most of the residual pores. The density of the HIPped plate was measured at 8.9 g/cm 3 using
Archimedes' method, which is about 99.6 % TD. Figure 4a is the XRD showing a HIPped pure copper phase without any detectable copper oxide. The XRD data confirms the ICP-MS result of the low 250 ppm oxygen after hot pressing in a pure hydrogen atmosphere followed by a HIP. Figure 4b is the EBSD micrograph showing the grain morphology and grain size of the plate. From this micrograph, one can easily see that the grain size varies widely. Figure 4c is the grain size distribution measured using OIM. Most of the grain size ranges from 5 to 145 lm with an average grain size of about 55 lm. Also, there is a small Figure 4 a The XRD showing a pure copper phase without any detectable copper oxide. b The EBSD micrograph showing the grain morphology and grain size of the plate and c the grain size distribution measured using OIM. Most of the grain size ranges from 5 to 145 lm with an average grain size of about 55 lm. fraction (\2 %) of grains larger than 145 lm. Figure 4b also shows that a fraction of grains contain twins inside the grain. Evidently, the HIP process only densified both samples and did not change oxygen content. This is expected because HIP in argon has difficulties removing any oxygen.
Hot pressing of copper/tungsten in pure hydrogen
As described in the experimental section, a -325-mesh tungsten (W) powder was used as the starting powder and screened through the -500/?635 sieve combination. These screened W particles will be designated as S-W particle. Figure 5a , b are the lowand high-magnification SEM micrographs showing the uniform S-W particles. The average particle size is estimated to be around 12 lm, which is right on the target of the desired particle size. The S-W particle was mixed with S-Cu to achieve a well-mixed Cu/ 10 %W mixture. The well-mixed Cu/10 %W mixture was hot pressed at 950°C in pure hydrogen to remove the copper oxide. The hot-pressed Cu/ 10 %W had a density of about 95 % TD using Archimedes' method. The hot-pressed Cu/10 %W plate was further HIPped at 1050°C in argon for 2 h to achieve a fully dense structure. The density of the HIPped Cu/10 %W was measured at 11.25 g/cm 3 , which is about 99.8 % dense. Figure 6a shows the XRD showing a two-phase composite with W and Cu as the only two phases. No Cu 2 O impurities were detected. Figure 6b shows the EBSD micrograph showing the Cu grain size distribution, and Fig. 6c shows the grain size distribution of copper phase using OIM. These two figures illustrate that copper has a wide range of grain size distribution ranging from 10 to 100 lm with an average grain size of about 30 lm. Even though the Cu/W was hot pressed and HIPped at higher temperatures compared with the S-Cu, the grain size of the copper phase in Cu/W is still smaller than that of S-Cu. It is well known that W particles served as the grain growth inhibitor during the densification process of hot press and HIP. The grain growth inhibitor limits the grain growth of the copper phase. Figure 6d shows an orientation map of the copper grains, which shows they are oriented randomly, confirming that no texture developed during the hot pressing step. The random orientation is beneficial for the isotropic property of the copper matrix. Figure 6e shows another EBSD of the tungsten particles, and Fig. 6f shows the particle size distribution of the tungsten phase using OIM. Finally, Fig. 6g depicts the EBSD showing both the Cu grains and W particles. As seen from Fig. 6e , the tungsten particles are quite uniformly distributed, which is critical for the stress concentration effect on the copper for the crack initiation before the Cu-W interfaces. The average particle size is about 12 lm which is very close to the ideal particle size for the population of stress concentration and larger than the resolution of the HEDM. Figure 5 a The low-and b the high-magnification SEM micrographs showing the uniform tungsten particles. The average particle is estimated around 12 lm, which is right on the target of the desired particle size.
Tensile tests were performed on the HIPped Cu/ 10 %W specimens with D-notches. Figure 7 shows a force-displacement curves for the HIPped Cu/ 10 %W specimens tested at the cross heads speed of 0.1 mm/min. As shown in Fig. 7 , the HIPped Cu/ 10 %W specimen has a rather small elongation before failure, which is a typical tungsten re-enforcement phenomenon. It is believed that the tungsten particles might serve as additional reinforcement resulting in higher failure displacement. This force-displacement curve is critical to the HEDM scanning. The HEDM scanning was performed without the load first to establish the far-field and near-field baseline microstructures and grain orientations. Since 100 N is still well within the elastic limit and no crack will be initiated within this range, the HEDM experiment can apply the load to about 100 N in a short period of time during the HEDM testing so that the scanning time can be minimized. The cross-head speed can then be slowed down to allow more scanning time Figure 8a shows tomographic density map of Cu-10 %W microstructure from the central notch region of the tensile specimen. The gray region corresponds to the Cu matrix and the white particles are W particles. The distribution of tungsten particles is adequate to study the effect of stress concentration at the interface between W and Cu. There were sufficient numbers of tungsten particles within the notch area for the HEDM to scan. The low percentage of randomly distributed W particles in the Cu matrix that has been achieved utilizing this processing route is adequate for performing the in situ characterization during a tensile loading experiment. Figure 8b , c represents the HEDM micrographs showing the 3D Cu grains and W particles, respectively. The colors correspond to Rodriguez vectors mapped to RGB colors. From visual inspection, we can observe that the final as-processed microstructures of both Cu and W have more or less uniform grain size and shape distributions.
High-Energy Diffraction Microscopy (HEDM)

Summary
A copper/tungsten plate with a fully dense structure has been successfully produced using a powder metallurgy process. The starting copper was atomized high-purity copper powders that were screened through a 270-mesh sieve to screen out the extreme large particles.The -325-mesh tungsten powders were selected as the starting powders and were screened through the combination of -500/ ?635 mesh to achieve a uniform particle size with an average particle size of about 12 lm. Hot pressing of screened copper powders in Ar/4 %H 2 has resulted in a about 5 vol% of Cu 2 O as a second phase, which was later removed. This work has successfully achieved a low oxygen content by hot pressing in a pure hydrogen atmosphere. The Cu/10 %W milled powders were hot pressed in a pure hydrogen atmosphere at 950°C followed by HIP at 1050°C in argon. After HIP, both plates show a fully dense structure with an average grain size of about 30 lm with some of the grains being twinned. The tungsten distribution is quite uniform and satisfies the requirement to serve as the stress concentration factor at the Cu/W interface.
We have demonstrated that this new Cu/10 %W composite provides a micron-scale (mesoscale) microstructure that enables tracking microstructural evolution during plastic deformation. In situ HEDM combined with computed tomography show detailed evolution of damage initiating at the Cu/W interfaces.
